622,21 

C674 


DESIGN  OF  AN  AUtOMXtiC 
CAISSON  EXCAVATOR 

VICTOR  E.  COLE 

ARMOUR  INSTITUTE  OF  TECHNOLOGY 
1910 


liiinois  Anstitutc 

of  Technology 

UNIVERSITY  LIBRARIES 


(AT  179 

,Cole,  Victor  E. 
Design  of  an  automatic 
caisson  excavator 


For  Us3  In  Ubrsr/  Only 


A  DESIGN 

OF    AN    AUTOM^^TIC    CAIS50N   EXCAVATOR 

A   THESIS 

Presented  "oy 
Victor  E.  Cole 
To  tne 
PRESIDENT  and  FACULTY 


FOR  THE  DEC-REE  OF 
Bachelor  of  Science  in  Civil  Eni^ineerins- 
Havins  completed  the  prescribed  coarse  of 
Stadies  of 

CIVIL  ENGINEERING. 


ILLINOIS  INSTITUTE  OF  TECHNOLOGY 
PAUL  V.GALVIN  LIBRARY 
35  WEST  33RD  STREET 
CHICAGO,  IL  60616 


fiOT/VAOXa  K0P8IAC'   OITAMOTUA    V.A   ^50 

sioo  .a  loioiv 

.Bniieenls^a  Xlvio  ni  ^w.  ....  £  lo  loXen'cue 
.;  I'l-;''3f''i0!f3  J IV ID 


r-.X*V^  >Xv>--0 


vA^ 


K^-^     YOOJOWH03T  X'  BTUTliaVll  810',41JJI 

^  .  ^>^  \  \  ^^^  YP^.^au  mvJAO  v  juas 

^     -  ^     .^^  .  arROR  II  .OOAOIHO 


9 


PREFACE 

The  marc  a  of  civilisation  h^x^  aiwayg  been 
toward f^  the  eubetitution  of  maoainery  for  .'nanuai  la- 
bor. 

CaiB^^onq  rand  their  autonatic  excavation 
deals  v/ith  so'::ethin3  more  than  the  jaere  substitution 
of  machinery   for  the   "sand  hog",   since  it  reduces  to 
a  minirau'ii  the  number  of  people  that   are  required  to 
endanger  th^sir  lives  through  Cai^^on  disease. 

Hence   t  lere  are  t^yo  considerations,   the  ec- 

noinics  and  the  betterment  of  humanity these  are 

the  leading  forces  in  our  present  day  civilization. 

AcKnoTYledgeCient   of  indebtedness  and  than"<s 
is  heieby  made  of   the  great   assistance  received  fro;". 
Mrs.    Julia   A.   Bev^idge,   Librarian  oC  Ar':iOur  Insti- 
tue  Of  Technology  and  Mr.    Stanley  Dean,   Instructor 
in  the  Civil  E^vgineering  Departjrie'it  of   Armour  Inst- 
tute  of  Technology, 

Victor  E.    Cole. 
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INTRODUCTION 
Roalg  are  the  ofc-gpring  o';'  civilization,  tcey 

are  the  physioal  qym'ool  oy  ?,'hioh  to  measure  the  pro- 

grem  of  -diiy  age  or  ooopie.  k^i   has  'been   said,  slnoe 

time  inrcemori al  th^t  a  ohain  is  no  stronger  than  its 

weakest  linK,  hence  a  road  is  perfected  only  ".-hen 

it  pa^^oes  over  all  oostaoles.   The  greatest  of  these, 

are  large  rivers  and  the  degree  of  S'looess  th:tt  is 

attained  in  spanning  these,  .'measures  the  height  of 

oivilization. 

Tae  hardest  problera<3in  civil  Engineering  deal 
with  the  design  and  erection  of  long  span  bridges. 
The  sub-structure  of  these  are  of  many  types  «.rith 
the  ultimate  vie";  in  ali  for  rigidity.   This  is 
attained  in  toe  highest  degree  only  "/hen  the  sup:x>rts 
rest  on  bed  rocK. 

The  /r.eans  by  waioh  bed  rooK  is  reached  is  the 
pneumatic  caisson.   This  has  been  operated  only  by 
manual  labor.   Yith  tne  idea  in  'aind  of  cutting  down 
this  expense  and  also  in  saving  many  from  coming  in 
contact  ^vith  the  dreaded  caisson  disease,  a  general 
design  has  been  laid  out  to  dig  caissons  autonatic- 
ally. 
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GENERAL   PROBLEM 

.'■    caig«?on<3  are  u'^ed  in  all  plaoee  v;here   it  Is 
advi'3a!.ie  to  rent   t^^iQ  Bab-gtr^iot  ire  of  any  foria  of 
building  on  t>ie  bed  roo<.      T'^i=?  i'^  beot  obtained  by 
building  t>ie  sub-structure  as  it  is  being  sunic  to 
the  bed  roc<   ,   the  building  being  neces'^arily  about 
the  sa'ne  rate  as  the  exoavation  below.  The  problen 
con'^ists  of  digging  the  earth'  and  the  rai'^^ing  of 
this  earth  to  the  surface.      The  digging  is  performed 
uy  ^  bucKet  excavator  oc"  the  same  type  as  a  ditoh 
digger  and  the  earth  is  raised  to  the  surface  by  a 
bacKet  hoist. 

The  earth  is  dug  in  the  caaiCber  by  the  excava- 
tor, dumped  into  the  screw  conveyer  carried  on  top 
0£'  the  girder  carriage,   and  fra'n  this  conveyor  it  is 
dumped  into  the  conveyor  "H"  running  along  the  viall 

of  the  ohainber.      This  last  conveyor  carries  the  earth 

-*,  .jvoy;-:    ■•  .  ■'•■■;   -i'l^i''- 

to 'the  bucket  hoist  opening.     This  opening  is  fitted 

ou   vh'.'  J  •     '■-■'-    ■'■■ "    ■  '  ■■•'•    '' 
witii  a  continually  revolving  trap,  which  worKs  on  the 

sarai  principle  as  the  revolving  winter  entrance  doors 

'■•■' ' ' 
in  the  builiings.     The  earth  once  into  the  buc<et 

hoi^'t  shaft,    is  quic-cly  carried  to  the  surface. 
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;In  Uiis  design       i3?e  four  ohar.bers  eaoh 
X-ttte-ai.wljtii  an  oxoavator,  ^vai?-;  oy  Itself  controls 
thTQO   mot  i. oris. 

L:   T'le  r^3volvii'ii5  ;uo':ets. 

2:  T'le  oonveyor  odrri'3'i  on  the  girder 

carriage. 
3:  Tae  notion  oaoK  and  fortn  o'f  the  fra'^e 
on  tao  glider  carriage. 
T'le  motive  power  is  electricity,  the  contact 
v/ith  the  motor  being  made  by  ar:  insulated  line  along 
the  web  plate  of  the  girder  carriage. 

1:  The  buc-cets  are  chain  connected  to  the 
niotor,an'i  as  long  as  this  motor  oper- 
ates, the  action  of  aii.  three  motions 
are  continuous. 
2:     The  operation  ox"  the  conveyor  is  main- 
tained by  sear  "C"  connected  to  the 
■aain  cog  wheel  "A".   This  gearing  slides 
on  a  slotted  shaft  "3"  v/hicn  is  geared 
to  the  oonveyor  shaft  at  both  ends. 
3:   T^je  notioa  on  the  girder  carriage  of 

the  fraae  is  reversed  from  side  to  side, 
eaCi  revorse  sending  the  frajne  along 
t'le  girder  carriage  in  the  opposite 
direction.  This  reversing  is  naint'^ined 
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oy  two  sicjtQjas  of  pinions. 
.  T'-.o  .drawing  saoy/s  t.}ie   c'ra'^e  nQVln^  to  the  left 
vi'^;^the  pinion  ".hi"   in  action.      \s  soon  -is  the  re- 
vecalns  oatoh  erigaieq  t>io  oeifD",   thi*^   is  thro'vn 
ov.«q^  and  piJiionTba^iies  the  fra'se  to  the  right  ,v/here 
the  roverainii Catch  on  this  sile  throwB  t>ie  belt  over 
^Sfi^  aaa  the   c'ratie  etarxs  bacti  to  the  left, 

j^j.^.  Th.^,,raisin3  ot"  the  girder  oarriase,   Its  .action 
bacK  and  forth  in  the  '.vor'<ing  cha:r:oer  and  the  oon- 
tlnuous  action  of  the  conveyors  »H"  are  all  controlled 
by  ge>ar='   '-^''^i  cialn  connections  to  the  three  jaotors   "a". 


THE, DESIGN 
The  ,i/?aiiB  of  the  cha'iroer  aie  the  Jaost  oritloal» 
as  far  as  safety  to  the  and  ;r-3round  ^';or»cer3  is  con- 
cerned.     This  is  not  due  to  the  vertical  preg'^iire 
of  the  caisson,    as  this  is  mostly  counter-balanced 
by  eicin  friction,    out,  it   is  dae  to  the  enirth  press- 
ure on  the  outside,     l^o'-v  It  Jias  been  fourvl  that  the 
air  preesijir^  is  ai^waya  in  excess  of  the  hydi-ostatio 
pressure,   the  difference  ranging  fro.'.-;  tno  to  fiye  ii)s. 
1  £'  the^ttir  pressure  feix  oelov;  tie  hydrostatic  press- 
are,   the  Y;or-:ing  ohaaber  'yould  fixx  "/ith  water* 
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Ir"  we  consider  a  drop  in  the  air  pre'^'^-n-e  to  be  two 

i'oe.  oeiow  t^ie  hydrostatlo  pre«tqure,  thl'j  will  be 

an  adied  load  that  'the  wali=?  ^vill  have  to  carry  be- 

x'ore  the  outride  and  the  ln'91'ie  pressure  equalize. 

The  lo^-fest  strata  of  sand  is  shown  by  the  borings 

to  be  sixty-three  feet  below  the  s  iriTaoe.  The  sanrl 

pressure  wae  found  to  be  twenty  lbs.  per  sq.  ft, The 

pressure  on  the  cutting  edge  it,self-53  X  50  X  Lz  1J?60  los. 

The  pres'^are  on  top  of  waiis  is  (63-11)30  is  1040  lbs. 

The  added  load  due  to  the  2   lbs.  ijer  sq,  in.  is  288  lbs, 

1:  Calculation  of  thicKness  of  outside  plate. 

The  flange  of  12"  31  l/2  lbs.  I  beam  is  5",  spaced 

2  ft.  center  to  center,  the  clear  distance  edge  to 

edge  of  the  flanges  is  19". 

The  .'aaximaT;  pressure  is  1330  lbs.  plus  383  lbs, is 

1548  lbs.   The  'r,oment  is  1G50  X  3,5  is  3880  ib3,^xnohes. 

V'    is  3380  X  6  -J-  13  X  12000,   d  is.  401",  A  7/l6" 

plate  h'is  a  thickness  of  .4375"   v^.  thi'='  will  be 

ased, 

2:       Caloulation  of  v/alls. 

Tae  aaxiraui'ii  pressure  on  the  cutting  odge  is  1040  lbs. 

plus  283^  te  i323#.      The  moment  of  this  about  the 

up:  er  part   of  Vae  wor"<ing  chaaber  is  1328  Xi31  X  6 
is  9'3400X>#  inches. 
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?>-.e  raoinent  lue  Xo  the  excess  of  320#  Is  10GOOO#  Incaes. 
The  total  moment  is  964000^"  plus  I06000;f"ls  107000O5*-  in. 
T^iis  is  fixe  bending  'loment  per  lin.    foot  anrl  ^Tor  beans 
^  ■  -   ei  24'»ce'iter  to  center,   the  necessary  seo-tion 
.olulus   is  189.j3,,inoiies-^. 
Moment  pf.  Inertia  of  a  1?"  I  51.^  is  215.8 

"  "  "  "     one  7/I6"   outside  plate  is  406 

"  "  "  "     Inside  plate (4 »   deop)       is  598 

3uiamatiun  AH"*  is  1230ino>ies'* 

The  section  ^aodulus  is  1230  -f  0.53  is  188.3  inch  is"^ 
Theqe  v/ili  be  used, 

3:     Calculation  of  compression  girder. 
Moment   is  16720  X  (21)^  X  12  -t  10   is  8,870,0007^  inohee 
The  area  of  the   Cianse  is  df 870, 00,0  4-  16  X  42  X  lo'^ 
13.2  sq.    in.    She-ir  1'='  175000#.    ThlcKness   of  -"reo  plate 
is    175000   -r   42   X    15000    is    .278.    Use    5/i6''   v-eo   plate, 
yor  c'langes  use  two  swxe"   X  5/8"  £^. 

4:       Calculation  of  ooliama'»C'' 
Recording  to  the  Hand  Book,  of  the  Cai-ibria  steei  Co.  , 
T^P^h  a.^oad  of  175,000  #  an^  the  length  of  20   ft. 
yOjiP  netqessary  ooluian  is  four  angles  4  X  3  X  5/a  und 
5/8  A  i2  'fie'o  plate., 

5:        Calc'ilation  of  Tension  Girder. 
Tae  wf^l?  of  tfie  v/or'cing  chamber  having  been  oantl- 
livered  out   f ro  r.  the  body  of  the  caisson,   the  cor*- 
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preasion  systej'ii  wa*^  put   in  to  relieve'  tae  hi^h  Btree^! 

on  the  faoe  of  t>ie  concrete,      A  tension  =?y«jtem  will 

bo  put  in  to  hold  the  top  part  of  the  I   ooainf?  fror. 

beSng  pulled  out.     The  outv/ard  pull  at  the  top  of 

w  an 

each   I   beam  is   1150   XliXll-f7-  970   x  7    is   1,3290?^. 

,»  -.  •)      , 

The  ir.oT.ent  on  six  lineal  feet  is  13»290  X  36  X  12. 
is  47250(^'  inches,  section  modulus  for  this  472500 
*  12,000  is  3  9.4.  A  15"  53#  Chnn'^el  will  oe  used 
and  2  1/2"  round  devise  tie  rods  ^viii  be  used  to 
tie  the  tension  -".ystem  into  the  concrete. 

6:  Calculation  of  compression  systen 
arouad  V'lc   -iir  loc'ic. 
These  girders  have  to  ta<e  a  colu'im  action  of  SSOjOOOjf 
and  a  bendins  action  of  the  sa'.ie. 
Four  angles  8  X  8  X  '5/8  have  an  area  of  38,44 

One  web  plate  36  X  5/3    "   "   "   "  22.5 

The  total  area  is     60.94 
The  bending  'noTient  due  to  the  load  is  8400000#-  inches. 
Necessary  flange  area  for  this  is  8400000  -f  15000  X  36 
is  15.5  sq.  in. 

The  area  f  ^r  shear  i.s  14  sq.  in. 
The  necessary  flange  urea  is  31  sq.  in. 
The  total  area  is  45  sq.  in*  t  l'oj    tne  oendint;  action. 

The  radius  of  gyration  of  thl"  girder  is  2  1/2". 

P  equals  IGOOO  -  7  0_ii.'  is  12000  #.  175  -S-  12  i^  14.6. 
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The   exce"*^  oc^  the   area  u'^od  over  ta'it   neoee'iary 
:or  the  f9ii^'i32"tic%"fo'n  is  equal  to  60.94  -  45. od 

!     .0.  -      ' 

which  is '16. 94.    i  fae  necen=>ary  steel  for  tie  oolHiiari 
aotion  is   14.3  «mj.    inches,   since  t'ia^ai'oa  requiied  is  leeg 
than  the  ^rea  i;3fed,   the  girder  is  safe  t(oth  as 
ijendin::;  and  «»«  to  -tlie  ooluinn  action.  : 

?'-.c  plate  dji/the-'.,iasi<ie  of  the  ^'.'or-cing  ohajiber 
wili  oe  1/4"   thronghotrtr. ""   This  will  also  be  heavv 
enough  for   ihe  '7fell*J'"0f •*the'-«scape  shafts  and  of  the 
r.din  entrance  shEift. 

Te-iii;eriit -ire  reinforcement: 
"^^  '  ;    GeneMV-pyetcttioo.  aiiov/B  ..avj'o^  ^i*^  of  t^e*'-   •^' 
area  of  the  oonoirete  for  temperature  exjiahsion,   TjiIs 
wilx  Od  well  taKeh'V5S^'^<5T''T5y*ising-i5^4V-S9^ 
spaced  2   ft.    center  to  center  both  ^v'aiys. 
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